Land data assimilation systems merge satellite or in situ observations of land surface fields 21 (such as soil moisture, snow and skin temperature) with estimates from land surface models.
depicts a flow chart showing the sequence of GA operations during optimization. 161 A fitness value that reflects the quality of the solution and its ability to satisfy constraints and 162 objectives of the problem is associated with each potential solution. The selection operator 163 simulates the "survival of the fittest" behavior by preferentially selecting the solutions with 164 higher fitnesses to be present in the subsequent populations. As a result, solutions with good 165 traits survive and solutions with bad traits are eliminated. Each pair of selected solutions then 166 undergoes the recombination step where two new solutions are generated by combining the 167 "genes" of the parent solutions. The mutation operator is used to infuse the population with gene 168 values that may not be present in the population. The recombination and mutation rates define 169 the probability of crossover between any two pairs and the probability of a gene undergoing 170 mutation, respectively. To ensure that the best solution in any generation is not lost through 171 these probabilistic recombination and mutation operations, a strategy named elitism is used. X -13 integrations use the soil moisture initial conditions estimated through calibration (section 3.3). 
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[2009]) and are listed in Table 2 . Zero-mean, normally distributed additive perturbations are 224 applied to the downward longwave radiation forcing, and log-normal multiplicative perturbations 225 with a mean value of 1 are applied to the precipitation and downward shortwave fields (Table 2) . Table 2 .
230
In addition to the forcing perturbations, the Noah model prognostic variables for soil moisture 231 are perturbed with additive noise that is vertically correlated ( Table 2) . For the perturbations to 
243
Five different data assimilation integrations are conducted using these synthetic observations 244 (Table 1) 
In contrast, the calibration-based integrations (DA-OPT1 and DA-OPT6) assimilate raw (un- Note that a priori scaling and model calibration are intended to address the relative bias 261 between the model and the observations. The data assimilation system then works with a set 262 of observations that are unbiased relative to the model background. In this sense, the synthetic 263 experiment used here represents the issues in a "real" data assimilation system. The long-term 
